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REFAC 
by J. Wallace Gwynn 
Chief, Research Section, UGMS 
Under contract with t epartment of Energy (DOE), the Geological and 
Mineral Survey (UGMS) has been. cond research to advance the utilization of low 
temperature geothermal heat in the state of Utah. Activities related to the contract (origin- - 
ally EG-77-S-07-1679 but later changed to DE-AS07-77ET28393) began on July 1, 1977 
and will continue into 1980. 
This work, on the Midway Hot Springs area, was done by James F. Kohler, in partial 
fulfillment of the requirements for a Master of Science degree in Geology, at Utah State 
University at Logan, Utah. Mr. Kohler is presently with the Conservation Division of the 
U. S. G. S. in Salt Lake City, Utah. The four geothermal gradient wells drilled for this 
investigation were financed by the U. S. Department of Energy through the Utah Geo- 
logical and Mineral Survey contract. 
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t .  ABSTRACT 
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mal” heat flow. 
ted thermal springs and wells werebed in conjunction 
erature, a mixing model calc 
Based on these calculations, the system has a reservoir temperature ranging from 46 to 125°C. 
Structural information obtained from published geologic maps of the area and from an unpub- 
c 
INTRODUCTION 
-2- 
. I  
re has been an increased awareness of the finite nature of fossil-fuel resources. 
arch has been directed towards developing alternate sources of energy. Qne of 
. 
heat of the earth. This energy (common1 
thermal energy) can be exploited heat from within the earth is brought to the ea 
generally either by deeply-circulating meteoric waters or by near-surface.m&ma chambers. 
I .  
umber of hot sp&g systems, areas ofhigh heat flo 
. Near the town of Midway, Wasatch Co 
. Although a fairly complete study was made of 
s relating to the geothermal potential of this system remain. 
The purpose of this investigation is to evaluate the geothermal potential of the area. To accom- 
1 
plish this, consideration will be given to heat flow, chemistry of the thermal waters, e 
temperature, structural controls, and the possible s es of heat for the system. 
Geographic and Geologic Setting 
The Midway Hot Springs are located in and around the town of Midway, Utah, in the northwest 
corner of Heber Valley (figure 1). The springs are surrounded by deposits of calcareous tufa with an 
c 
I 
G 
areal extent of 8 to 10 square kilometers. The tufa deposits are locally more than 30 meters thick, 
and are underlain by alluvium. 
c 
Two types of thermal springs occur in the area: (1) pools that occupy craters in conical or hemi- 
ds of tufa (known locally as “hot pots”), and (2) springs that flow from cracks or 
tufa. Baker (1 968) described these thermal springs in some detail. 
hi 
The generalized geology of the area surrounding the Midway Hot Springs is shown in fgure 2. 
The* hot ?springs are situated on the east flank of the Wasatch Mountains, south of the east-west trend- 
ing Uinta Arch, and on the axis of the Park City Anticline. The Charleston thrust fault is the major ‘ 
structural feature south of the study area. The geology of the area is relatively complex, with Paleo- 
tr 
zoic and Mesozoic sedimentary rocks in the Wasatch Range to the west, Tertiary intrusive stocks to 
r" .- 
w 2- -3- 
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I )  
0 i Randolnh 
Figure 1. Location of the Midway Hot Springs near Midway, Wasatch County, Utah 
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Figure 2. Generalized Geology of the Midway Hot Springs Area (adapted from Bromfield, 1968; Bromfield, et al., 
1970; and Baker, 1976) 
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ary volcanic rocks to the northeast. Unlike most thermal systems in Utah, the Mid- 
and Range Province, and their origin cannot be directly 
Previous Work 
Earliest mention of the Midway Hot Springs isi in conjunction with> regional reconnaissance sur- 
veys in the 19th century (Howell, 1875, p. 256-257; Hague and Emmons, 1877, p. 317-319). Both of 
ports give a general description of the hot springs. 
Heylmun (1966, p. 13) mentioned the hot springs.as a potential source of geothermal energy and 
suggested that if the Midway Hot Springs waters contains gases of magmatic origin, then the area 
prime interest as a souce of geothermal power. He further suggested that the source of 
966, p. 15). Milligan, Marsell, and Bagley (196 . ,  
. .  
Baker, (1968, p. D63-D70) described rology of the hot-springs system in some detail. 
He suggested that the system is fed by deep lating meteoric waters that descend through frac- 
tures and solution openings in carbonate rocks in the Wasatch Mountains, gain heat at depth, and re- 
turn to the surface under artesian pressure through+fractures in the rocks. Goode (1978, p. 37) used 
the geologic map of the Heber quadrangle (Bromfield, Baker, and Crittendon, 1970) to expand Baker's 
inferred origin of the hot sprin d to.sueest that the meteoric water descends along the planes of 
the Dutch Hollow and the P ek thrust faults (figure 2), and returns to the surface th 
\ 
anticline, that underlies Midway. 
nited Stales Geological 
as prospectively 
to be a low-tem 
luable for geothermal resources (Godwi 
ure geothermal system *with an averag 
., 1971); The area is con- 
100'C. (National Geophysical and Solar-Terrestial Data Center, 1977). 
4 
athing purposes at resorts 
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for many years. In addition,~some of the thermal springs have been used for space-heating purposes, 
and at ,least two homes are 
waters in the Midway area has been confined to existing natural springs. No wells have been drilled . 
ecifically for the purpose of developing the thermal waters. 
\ 
PHYSICAL CHARACTERISTICS OF THE THERMAL SYSTEM 
, - '  
Heat Flow 
t 
h 
General Statement 
The term heat flow refers to the amount of heat leaving the earth. Heat flow is discharged as 
cr 
radiation, either by warming ambient air or water, or by convection in water vapor pro 
1 
vaporation at the water table. Heat flow at any given location is a product of the geothermal 
gradient and the thermal conductivity of the rocks. The heat flow equation is expressed as: 
b 
Q = (T 1 -T2) K/L 
where Q = heat flow, 
(TI -T2) = temperature difference between two points c 
L = the vertical distance between them 
K = the thermal conductivity of the rocks. 
Heat flow measurements are generally expressed in terms of heat flow units (HFU), and 1 HFU = bi 
1 pcal/cm 2 /sec or 41.84 milliwatts/meter 2 (mW/m2). In this report, the thermal conductivities of the 
rocks were measured in terms of Watts per meter per "C. Consequently, the heat-flow measurements 
are expressed as rnW/m2. Areas of normal heat flow cover about 99% of the earth's surface and 
complicate interpretation of heat flow measurements. 
< '  
exhibit a heat flux of about 1.5 HFU (Elder, 1965). Near hot springs; hydrothermal convection can I 
Indications of abnormal heat flow 
b 
In the Midway area, regions of possible abnormal heat flow are indicated qualitatively by snow- 
melt patterns and the geographical concentrations of thermal springs. Areas of suspected higher-than- 
, a  .- 
w 1.- 
-7- 
1 ;  
~ 
,- .. ~ I , - , ~ -  - 
E 
normal heat flow based on 
area. Oblique aerial photos 
ified during initial field reconnaissance of the 
the snow-melt patterns evident on 
(figure 3). The patterned areas were 
areas were dtill covered by snow about 0.25 meters deep. As was 
ved by drilling, the snow-melt patterns indicated areas where the thermal waters were near the 
W 
cp1 
W 
Temperature-gradie 
in order to obtain quantitative heat fl rea, four shallow temperature- 
n on figure 3. The wells were 
W eneralized lithologic logs of 
gradient wells were drill 
detailed lithologic logs are found in Appendix I. The wells were completed as 
yells by installing 1 inch I. D..ste 
ahd filled with water. T 
rature observation 
pped on the bottom to the total depth. The tubin 
W 
ultimeter. Resistance readings were converted to temperature 
, and if calibrated properly, are accurate to 
1 over a period of about six months to ensure 
disturbance from drilling. Except for an 
4 between the readings taken early in May 
("C) from tables calibra 
0 that the temperature p 
apparent temperatu 
ahd the later surveys, nificant temperatur 
Y 
I 
in an area suspected of having abnormal heat flow based on the distri- 
ufa in the top 3-4 meters, the well was drilled in alluvial 
ially isothermal tem- 
th of 20 meters and 
epr 
remained fairly constant thro 
W 
b 
b 
c 
Figure 3. Indications of high heat flow in the vicinity of Midway, Utah 
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Figure 4. Lithologic logs of temperature gradient wells GW No. 1 - GW No. 4, M'idway, Wasatch County, Utah 
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Figure 5. Temperature profiles of temperature gradient wells GW No. 1 - GW No. 4, near Midway, Wash& County, 
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G. W. 2 - This well is located at the northern edge of the tufa deposits in an area where thermal 
spring activity has ceased. This location was selected in part because of the expected shallow depth to 
onotonous and uniform 
contained thermal 
rs, and the tufa was underlain by alluvium to the top of the Weber Quartzite at a depth of 
. In this well, the quartzite was very highly fractured and contained hot water under artesian 
pressure. Because of the abundant flow (estimated at about 700 gpm) encountered in this well, 
drilling was stopped at a depth of 85 mete he almost 3 days that the well was allowed to 
alluvium and. tufa, the, temperature profile of this well is essentially isothermal. The maximum tem- 
perature observed, slightly over 42"C, was encountered at about 10 meters. This temperature remained 
fairly constant throughout the rest of the well. 
eters. In this well, the tufa at the sur- 
er of possible tufa was encountered 
at about 45 meters. 
in the other wells. This well exhibits a relatively consistant temperature gradient 
from a depth of 20 meters to the botto 
14.38"C at the bottom (50 meters). 
mperature observed in the well was 
possible disruptive {effect of climate and near-surfkce ground water, the analysis was performed on the 
. 
-12- 
c 
* .  
' -  t 
temperature YS. depth data below a depth of 15-20 meters. Visual examination of the temperature 
profiles showed a reasonably straight-line relationship beyond this point. The slope of the line that fits 
these'data points is the temperature gradient. Thermal conductivities of tufa and of the Weber Quart- 
zite were determined from outcrop samples and drill cuttings to be about 1.4 and atts/ meter/"C 
the temperature gradient from G.W. 2 in the standard heat flow equation, the heat flow for 
6d 
respectively (Chapman, 1979, oral communication). By using the thermal conductivity of the quart- cr 
ern part of the Midway area is calculated to be 321.75 mW/m 2 , or about 
calculated for G.W. 4 is  equal to 44.1 mW/rn2m or slightly over 1 HF 
b 
' Water Chemistry 
General statement 
ions of thermal and non-thermal springs and wells in the Midway area ;e shown in 
figure 6.-Because many of these springs were sampled and analyzed previously (Baker, 1968), sampling 
for this investigation was limited to the springs and wells shown in figure 7. These were selected to 
I 
provide a representative sampling of the area. The analyses from some of the springs previously b 
sampled by Baker were used as a check on the sampling and analytical procedures used in this report. 
Sampling procedures 
b 
L 
The procedures used for sample collection were modified from those of Presser and Barnes 
(1974). Three 250 ml samples were taken from each spring or well and filtered into a polyethylyne 
bottle through 0.45 micron Millipore filters. One sample was left untreated, one sample was acidified 
to a pH less than 2 with 1 ml of spectrographic grade nitric acid to preserve the unstable constituents, 
and the third sample was diluted 1 :9 with deionized water to preserve silica. Specific conductance, pH, 
HC03 and alkalinity were determined in the field. I 
t 
Analytical procedures 
Analyses were performed on a Perkin-Elmer Model 303 atomic absorption spectrophotometer 
using standard methods. Chloride was determined using an Orion chloride-specific ion electrode. No 
difference was noted in the silica content of the acidified and the diluted samples;so,all values re- 
ported are from ithe acidified sample. The results of these analyses are shown in table 1. 
e, 
f 
t 
8
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Figure 7. Springs and wells from which water samples were analyzed (chemical analyses are shown in Table 1) 
t 
c 
c 
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Y 
v 
w 
Y 
V 
W 
v 
, 
i 
' r  
Coleman Hot Spring 1 46.3 6.4 2200 632 770 371 32 128 30 180 
"(46) (6.4) (2410) (644) (345) (16) (148) (27) (132) 
GW No. 1 6.6 1700 62 165 
Johnson Well 
*(from Baker, 1968) 
Geothermometers 
Theory 
Chemical analyses of thermal waters can be used to predict a minimum temperature for the 
geothermal . '  system by use of chemical ! geothermometers. These geothermometers operate on the 
emical composition of the thermal waters rdects  the tehperatur'e at which the 
water was last in equilibrium with the surrounding rock. This temperature is generally assumed to 
represent the reservoir temperature for the thermal system. 
\ i 
The two most widely used geothermo rs are the silica geothermometer (Fournier and Rowe, 
1966), and the Na-K-Ca geot 
should be used with a cekain 
The supply of all constituentsin 
factor. 
3. Water-rock equilibrium occurs a ervoir temperature. 
voir to the surface. 
5 .mixing of  hot water with cooler,.shallow ground water occurs. 
-1 6- * .  - .  
* -  b 
The last two assumptions are not likely to be valid for most systems, so the temperature cal- 
c -~ 
culated will usually represent a minimum temperature for the system, 
The silica geothermometer is based on the fact that mineral solubilities generally are depend- 
ent on temperature and pressure. The solubilities of most silicates increase with increasing tempera- in 
ture, so the silica content of the waters may provide the temperature at which the thermal wate& were * 
last in equilibrium with the surrounding rocks. This geothermometer uses the silica content of the 
spring waters, measured in parts per million, in an equation that depends on the form of silica avail- 
able to the system. The silica t eratures for the Midway Hot Springs were CaIculated using both 
the quartz and chalcedony conductive cooling models. The equations used are as follows: 
- 273.15 Quartz t"C = '1315 
5 .295- log Si02 
cr 
b 
- 273.15 Chalcedony t"C = 1015.1 
4.655 - log Si02 
w 
I The Na-KCa geothermometer is based on the equilibrium constants for exchange and altera- 
tion reactions that are also temperature dependent. With the Na-KCa geothermometer, water com- 
position in moles per liter, is related to temperature by the equation: 
- 273.15 t"C = 1647 / 
log(Na/K) + p l o g ( a / N a )  + 2.24 
where p = 4/3 for water equilibrated below 100°C and 1/3 for water equilibrated at 100°C or greater. 
Springs which flow in excess of 200 liters/minute can be assumed to have lost little heat to the 
surrounding rock during upward movement. Unless the thermal waters are mixed with near-surface 
cold waters, the temperatures calculated using geothermometers based on chemical equilibrium should 
be within about 25°C of the spring water. Marked disagreement between measured and calculated tem- 
peratures suggests a mixed water (Fournier and Truesdell, 1974). 
Estimated reservoir temperature 
The chemical analyses of the Midway thermal waters were used to calculate a minimum tempera- 
ti 
t 
I 
t 
W 
-17- 
ture using the Na-K-Ca and silica geothermometers. The results of these calculations are shown in 
table 2. 
A good agreement exists between the Na-KCa temperature and the quartz-silica temperature, 
whereas the chalcedony-silica temperature is nearly the same as the measured temperature. If the 
Na-KCa geothermometer indicates a temperature < lo0  O C ,  it is sometimes assumed that the silica 
content of the water is a function of chalcedony solubility and the chalcedony equation is used 
(Kolsar and DeGraff, 1978). In the Midway area, however, drilling information indicates that the 
Weber Quartzite (which consists primarily of crystalline quartz) ay Serve as a reservoir for the ther- 
mal waters. This observation, and the obvious agreement between the Na-KCa and the quartz-silica 
geothermometers (table 2), supports the idea that the silica content of the Midway thermal waters 
is a result of quartz solubility. If the quartz-silica geothermom is valid for this area, the reservoir 
temperature for the Midway Hot Springs system may be about 
b+ 
W 
Y 
Tabla 2. Projected Maximum Reservoir Temperature of the Midway Hot Springs Geothermal System using the silica and Na-Kea 
0 
Coleman Hot Spring 1 46.3 76 80 48 
GW No. 3 4 43.3 88 74 42 
Warm Ditch Spring 7 1 288  47 62 28 
Unnamed Spring 8 31 D 71 71 39 
Whitakar Spring 9 43.6 72 74 42 
Mt Spa "hot pot" 10 43.1 78 77 45 
e3 
W 
r3 
subsurface temperature obtained by the hot-water component, and the cold water fraction, to be 
estimated by using the following relationships: 
Y 
-1 8- 
. '. * .  
* -  c 
. and 
t 
ere Y 
H = Enthalpy (taken from standard steam tables) 
Si = Silica content (ppm, converted to temperature *C using the ' 
quartz-silica geothermometer) 
c 
X = fraction of cold water. 
b 
For each spring, a plot is made of the fraction of cold water vs. temperature for both the en- 
thalpy and the silica considerations. The point of intersection of these curves represents the tempera- 
ture and-cold-water fraction estimated for the system. The plots for the Coleman and W m  Ditch 
Sprhgs are shown in figure 8. In both cases, the mixing model suggests a maximum reservoir tempera- 
ture of about 125°C. 
c 
Structural Geology 
The exact structure of the bedrock underneath the Midway area is difficult to determine with 
certainty, because the bedrock is covered by alluvial deposits which are in turn overlain by tufa. The 
tufa deposits are quite extensive and thicken southward, where a thickness of about 30 meters was 
penetrated in drill hole G.W. 4. In addition to the four temperaturegradient wells drilled in conjunc- 
tion with this investigation, a number of water wells penetrating the tufa have been drilled in the area. 
The locations of these wells and the thickness and extent of the tufa deposits are shown in figure 9. 
The geology in the mountains to the north and west of Midway suggests the possibility of an 
anticlinal structure under the area. This anticline is illustrated in a northwest-southeast structure 
section across the area (figure 1.0). 
b 
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_ _  FRACTION OF COLD-WATER COMPONENT 
Figure 8. Mixin odels for the Colemon and Warm Ditch Springs 
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Figure 9. Th nd distribution of the tufa deposits near Midway, Wasatch County, Utah 
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- *  b 
Figure 11. 
and 
Observed Bouguer Gravi ty * 
Contour Interval 0 5 mgals 
*Posted Bouguer Gravlt values are 
residual values of ler a&mg 200 mgols 
, to each observedABouguer value 
eg obs. value -215.28 40' 30' 
-0 ' 
m 
*20000 
posted value - 15.28 mgal 
I- 
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-g 
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DISCUSSION AND CONCLUSIONS 
W 
General Statement 
w urpose of this investigation is to evaluate the potential utilization of the geo- 
ust be characterized 
y4 
W 
v 
I .‘t - .  
e best indicationof the areal extent ~ 
ground as indicated by differential melting of 
(figure 6) indicate that the thermal sy 
thermal area may extend farther to the north 
than is indicated by the thermal springs, but additional drilling would be needed to verify this. 
/ <  
Comparison of the areas of warm ground as indicated by the differential-snow-melt 
patt 
are ,contained In two northeast-southwest trending zones. The northern zone may be co 
trolled by faulting, much of which is con 
ure 3) with the geologic structure of the area (figure lo), suggests that these areas 
um. Although no faults Qd 
slickensides and fault breccia is found in the 
0 
Y 
Reservoir Temperature 
0 
the 3000 ft. level of the Mayflower mine which is located about 8 kilometers north of Midway 
-24- 
(figure 2). If these systems are related and share a common heat source, then the reservoir 
temperature would be at least 65°C. 
The data on water chemistry provide the best means for calculating the minimum temperature of 
the thermal system when utilized with chemical geothermometers. An upper limit 
to the reservoir *temperature range is somewhat more difficult to predict. As was discussed 
the section on geothermometers, the temperature calculated using quartz solubility 
agrees very closely with the calculated Na-KCa 'temperat wherpas the observed tempera- 
tures in the hot springs are in agreement with the calculated silica temperature using the solu- 
bility of chalcedony. If the silica available to the system is a function of quartz solubility and 
cl 
c 
if the assumptions made for the Na-K-Ca geothermometers are valid, then more optimistic 
projektions of 7620°C can be made for the reservoir temperature. A maximum reservoir tem- + 
4M 
perature of .125"C ' is indicated by the mixing model. Therefore, the reservoir temperature for 
the Midway Hot Springs system lies between 46 and 125"C, and is probably between 70 and 
Source of Heat t 
Many geothermal systems in areas exhibiting a "normal" temperature gradient within the 
range of 8 to 50"C/km (White, 1973), are explained by deep circulation of meteoric water. 
heated by' a near-surface heat source such as a shallow magma chamber or areas heated by 
oxidation of sulfide minerals or by radioactive decay. 
In other systems, the waters are thought to circulate to a shallower depth. There, they are c 
There is no evidence for the existence of either sufficient amounts of sulfide minerals 
undergoing oxidation or sufficient quantities of radioactive materials for them to be consider- 
ed as a viable source of heat .in the Midway area. Consequently, most models previously pro- 
along faults and fractures (Baker, 1968; Milligan et al., 1966). If the temperature gradient 
for G.W. 4 (30"C/km) represents the normal gradient for the area, then the meteoric waters 
would have to circulate to a depth of about 4 kilometers to be heated to the maximum reser- 
voir temperature, of 125°C. Available geologic information indicates that the area is not 
underlain by faulting sufficient to provide circulation to such depths. Therefore, a heat source 
located relatively close to the surface must be sought. 
posed for the Midway Hot Springs system suggest deep circulation of the meteoric waters I 
I, 
. '  .- -25- 
Two potential models €or the system are 'proposed usin he existing data. Both thodels. 
suggest ab relatively young intrusive body or related 'hydrothermal convection system as a heat 
source. 
' 
Although the temperature-gradient data suggest a heat source north of Midway, the Ter- 
tiary intrusive stocks that,have been dated are,generally considered to be too old (30-35 mil- 
lion #years) tb be :a  'potential source of heat (B kilometers to the 
north of Mid ear of intrusive 
are present, some of ave dated. Because 
L 
temperatures of up to 65°C have been observed in the Mayflower mine as its workings ap- 
proached the intrusives, it is possible that the intrusives or a related hydrothermal convection 
system could provide heat for the system. With this model, meteoric water enters the system to the 
north and is heated as it circulates near the intrusives. This heated water then moves laterally along 
the Dutch hollow and Pine Creek faults and in fractures in the Weber Quartzite and underlying car- 
bonate rocks. The water then moves'to the surface in the Midway area along minor faults at the 
north edge of the area and through fractures along the crest of the anticline under Midway. This 
model is supported by the relatively high temperatures that have been encountered in the Mayflower 
mine, by the decrease in the temperature gradient between G.W.2 and G.W.4, and by the fact that 
G.W.3 encountered hot water under artesian pressure in the highly fractured Weber Quartzite. 
pressure in the highly fractured Weber Quartzite. 
The second model, proposed by Fox (1979b), is based on data from his gravity survey. 
He suggests that a relatively young intrustive body exists beneath the Midway area. Meteoric 
water circulates downward along faults and fractures, becomes heated by the intrusive, and 
rises to the surface through fractures 
I 
The first mode pears more reasonable, but additional data must be gathered before either 
hypothesis can be positively accepted. 
Potential Uses of the Thermal Water 
The data gathered in the course of thi vestigation indicate that the northern part of the Mid- 
way area is underlain by a low-temperature geothermal system. The most promising areas for develop- 
ment as a direct- use heat source, at the present time, are two northeast- southwest trending zones 
-26- 
that are .relatively well-defmed by differential-snowLmelt patterns (figure 3). The geothermal area may 
extend farther north oft these zones, but additiondl drilling is needed before the areal extent of the sys- 
tem can be defmed. 
G 
m e  maximum observed temperature for the Midway system of 46°C (which could be considered 
as a minimum temperature for the reservoir) is within the range of temperature (38" to 80°C) generat 
ly considered. as a minimum for space heating purposes (Lund et al., 1976). The estimated maximum 
temperature for the system (125°C) is not, however, high enough for most direct-use industrial proces- 
c 
.~ 
sing purposes or for electrical generation, but would be hot enough for space heating. 
i; 
r 
t: 
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Appendix I. Lithologic logs of G.W.l - G.W.4 
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Appendix I LS2HOLOGIC LOG PAGE_LOF_2_ 
\ 
Ground Surface Elevation 
. Depth to Water 'gable, Flowing 12 p s i  
Location2100' FNL,. 2700'FwL Sec. 2 7 .  Total Depth 250' ,Diameter 6" ' -  
T. 3 S . .  R. 4 E.. S l y  
140 
145 
As, 
-
-
X O C K  TYPE COLOR - :  
I t .  tal 
. ,  
grave 1 
tufa and grave, 
I t  I 1  11 
grave 1 I 
sand ! 
gravel and san  
I '  . "  
grave 1 I 
_ _  , 
clay w/sand 
V 
clay wlgravel 
-32.. 
LITHOLOGIC LOG 
Project Ground Surface Elevatfo 
Depth to Water Table . 
Total Pepth Diameter 
Y 
W 
W 
V 
Project Ground Surface Elevation 
' U e l l  Number mP2 Depth to Water Table 
Location* 350'FEL, lOOO'FNL, See. 27 Total Depth 275' Diameter 6" 
-33- 
LITHOLOGIC LOG ' PAGE 1 OF 2 
-34- 
LITHOLOGIC LOG PAGE 2 OF 2 
Project Ground Surface Elevation 
Well Number W#2 cont.  . Depth to Water Table 
.- 
r~ 
Tot81 Depth Oiameter . 
i 
i 
W 
W 
W 
w 
v 
Y 
w 
.- -35. 
LITHOLOGIC LOG ~ PAGE 1OF2 
Ground Surface Elevation 
Depth to Water Tableflowing 25.psi 
-36- 
LITEOIIOGIC m- 
z i  
r.b- .. -. - 
.'e" 
, .  -;- 
!? 
PAGE 2 OF2 
COMMENTS 
minor s LLC . 
angular ,  poor 1y so r t ed  . 
q o s t l y  sand 
minor silt  and c l ay  
- 
. *  
Project Ground Surf ace Elevation 
Well Number M#3 cont .  Depth to Water Table 
r -  -  
: 0-  
;(, 
bcat ion T o t a l  Depth Dieme 
I .  
T 
b 
f a i r l y  c lean,  caving . 
COLOR 1 GRAIN SIZE 
grave 1 be coming coar s e r  -3 /4" 
1 
155 grave l  I -  
160.. sand & grave l  
t.2 
0 . 8  
:* * 
z a &  - 
165 1 I I 
may conta in  some t u f a  f rags .  
tr. c l a y  
170 I I 
215 
2 €0 
c l a y  a t  bottom 
1 t . t a n  
.5 r. 
% 
5 
225 1 I I 
minor l imestone f rags .  
quartz . i te  h ighly  f rac tured  
230 
235 
:.I:- 
,$,. 
240 
245 
flow >500 gpm 4OoC 
Dr i l h e  S ta r t ed  4 / 2 8 / 7 8  
D r i l l i n g  Completed 5 / 2 / 7 8  
Logned by: J. Kohler 
2 50 . I I 
3 ' ; s .  
26 0 
26 5 
2 70 
2 7 5  
2 80 
\ 
I I I 
G 
6 8  ,.?ldk. brn  g r y  c l a y  a t  bottom ..- I. 
c $1 
4 6  - -  I I  --- I 
con tac t  at 218 '  
conta ins  h o t  a r t e s i a n  water 
G 
c 
i 
i; 
. -  . *  
3 
W 
W 
u 
r3 
w 
0 
v 
w 
Y 
V 
LITHOLOGIC LOG PAGEcl_OFL 
Project Midway Geothermal Ground Surface Elevation 
Well Number m#4 Depth to Water Table 21' 
? -  
. .  
/ 
I '  
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LITHOLOGIC LOG a .  P A G E L O F A  
Roject Ground Surface Elevat io  ~ 
Well Number GW#4 -chnt. Depth to Water Table 
Location - - Total Depth . 
. .  
c 
i. 
.- -39 - 
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Appendix II. Temperature measurements and profiles G.W.l - G.W.4 
APPENDIX 11. 
Temperature Measurements from gradient wells GW No 1 - GW No. 4, 
Midway, Wasatch County, Utah 
Gradient Well 
N O  1. 
Date of Measurement 5/  6/78 
Depth p m p .  
(meters) C 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
2.5 
5.0 
3.5 
10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
37.5 
40.0 
42.5 
45.0 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 
65.0 
20.698 
21.978 
22.334 
23.232 
25.178 
25.238 
25.152 
25.131 
25.191 
25.114 
25.114 
25.088 
25.067 
25.084 
24.995 
25.003 
25.046 
25.033 
25.152 
25.067 
25.152 
25.492 
25276 
25.276 
25.294 
24.898 
Gradient Well 
Depth 
No. 1 (meters) - 
Date of Measurement 5/ 9/78 
Temp. 
C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2.5 
5.0 
7.5 
10.0 
12.5 
15.0 
17.5 
20.0 
25.0 
50.0 
62.5 
20.301 
21.136 
21.459 
22.161 
23.691 
24.158 
2426 
24.2 13 
24.23 
24.166 
24.307 
Gradient Well 
No. 1 
Date of Measurement 5/29/78 
Depth p m p .  
2.5 21.709 1 
2 5.0 22.416 
3 7.5 22.569 
4 10.0 22.778 
5 12.5 23.484 
6 15.0 24.026 
7 176 24.23 
8 20.0 24.273 
9 22.5 24.226 
10 25.0 24.149 
11 27.5 24.111 
12 30.0 24.09 
13 32.5 24.06 
14 35.0 24.039 
15 37.5 23.997 
16 40.0 23.967 
17 42.5 23.942 
18 45.0 23.934 
19 47.5 23.934 
20 50.0 23.929 
21 52.5 23.963 
22 55.0 24.073 
23 57.5 24.1 15 
24 60.0 24.128 
25 62.5 24.12 
C (meters) 
G radient  W e l l  Date of Measurement 5/29/78 
Oepth Temp. 
No. 2 (meters) C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
2.5 
25.0 
50.0 
650 
70.0 
75.0 
77.5 
80.0 
82.5 
84.0 
22.019 
33.428 
35.182 
36.683 
37.08 
37.394 
37.557 
37.713 
37.863 
37.929 
Gradient wall Date of Measurement 6/ 7/78 
Depth Ttmp. 
No. 2 Imetars) C 
c; 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
0.0 
2.5 
5 .O 
7.5 
10.0 
12.5 
15.0 - 
176 
20.0 
22.5 
25.0 
27.5 
30.0 
32.5 
35.0 
376 ' 
40.0 
42.5 
45 .O 
47.5 
50.0 
52.5 
55.0 
57.5 
60.0 
62.5 
65.0 
67.5 
70.0 
72.5 
75 .O 
77.5 
80.0 
82.5 
84.0 
14.995 
23.629 
25.496 
28.068 
29.651 
31.711 
32.766 
33.321 
33.624 
33.665 
33.692 
33.918 
33.994 
34.161 
34357 
34.512 
34.661 
35.072 
35.314 
35.558 
35.896 
36.171 
36.379 
36.5 11 
36.691 
36.88 
37.088 
37.257 
37.394 
37.533 
37.705 
37.854 
37.291 
33.815 
34.848 
i; 
i 
Date of Measurement 10/27/78 Gradient Well 
Temp. 
C 
Depth 
Imetersl 
No. 2 
1 0 .  13.129 
2 2.5 22.729 
3 5 .O 23.604 
4 7.5 25.174 
5 10.0 27.908 
6 12.5 30.829 
7 15.0 32.571 
8 17.5 33.379 
9 20.0 33.574 
10 22.5 33.594 
11 25.0 33.635 
12 27.5 33.723 
13 30.0 33.873 
14 32.5 33.914 
15 35.0 33.969 
16 37.5 34.163 
17 40.0 34.296 
18 42.5 34.457 
19 45.0 34.627 
20 47.5 34.791 
21 50.0 35.021 
22 52.5 35.276 
23 55.0 35.631 
24 57.5 -35.878 
25 60.0 36.03 
t 
i s  .- 
v * *  
41- 
26 
27 
28 
29 
30 
31 
32 
33 
34 
Gradlent Well 
No. 3 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
62.5 36.151 
65.0 36.336 
67.5 36.513 
1 70.0 36.669 
72.5 36.826 
75 36.953 
77.5 37.08 
80.0 37.224 
82.5 37.353 
$ 
$ Date of Measurement 5/9/78 
Depth -, I. pmp.  
(meters) C 
2.5 
5 
7.5 
10 
12.5 
15 
17.5 
25 
. 50 
75 .‘ 
82.5 ..^  3 
Gradient Well 
No. 3 (meters) 
Depth 
30.483 
40.63 
43.03 
43.457 
43.447 
43.457 ‘ 
43.457 
43.478 
43.56 
43.652 
S C  43.735 . ’ ~ 
Date of Measurement 6/7/78 
p m p .  
C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
0 
2.5 
5 
7.5 
10 
12.5 
15 
25 
50 
75 
82.5 
26.153 
* 39.404 
41621 
: 42.191 
42.282 
42582 
42.282 
42.282 
42.252 
42.344 
42.395 
Date of Measurement 6/7/78 Gradient Well 
Depth p m  P 
No. 4 (meters) C 
1 2.5 7.367 
2 5 8.339 
3 7.5 9.804 
4 10 10.439 
5 12.5 10.966 
6 15 11.565 
7 17.5 12.496 
8 20 13.463 
9 22.5 13.643 
10 25 ’ 13.887 
11 27.5 14.047 
12 30 14.173 
13 32.5 145  16 
14 35 14.246 
15 37.5 114.294 
16 40 14.373 
17 42.5 14.409 
18 45 14.552 
19 47.5 14.586 
20 50 14.666 
Gradlen Date of Measurement 10/27/78 
Depth p n p .  
No. 4 (meters) C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Gradient Well Date of Measurement 10/27/78 
Depth T p p .  19 No. 3 (meters) C 20 
1 2.5 27.226 
5 39.581 
41.325 
2 
41.756 
41.795 
41.835 
41.835 
Gradlent Well 
12.158 
12.322 
12.822 
13.049 
13.818 
14.67 
14.87 
14.921 
14.996 
15.098 
15.098 
15.162 
15.251 
40 16.251 
’- . - I ~ 42.5 . ri . ~ 15.303 16 17 is 4s 15.458 
19 47.5 15.51 
20 50 15.6 14 
,2.5 
5 -  
10 
125  
15 
17.5 
20 
22.5 
25 
7.5 . 
35 
37.5 1 
40 
42.5 
45 , 
47.5 . 
50 
11.11 
10.011 
9.494 
9.912 
10.624 
10.925 
’ 12.346 
13.437 
13.641 
13.858 
13.958 
13.968 
13.971 
13.996 
r 14.059 
14.12 
14.222 
14.301 
14.324 
14.378. 
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